Introduction {#s0001}
============

Radical cystectomy (RC) with pelvic lymph node dissection (PLND) is the standard treatment for muscle invasive or recurrent, high-risk, non-muscle invasive urothelial carcinoma (UC) of the bladder.[@cit0001],[@cit0002] In addition, ileal orthotopic neobladder (IONB) is currently the preferred method for continent urinary diversion due to the resulting improved quality of life, with a particular benefit to sexual function.[@cit0003],[@cit0004] However, as UC is a disease that can affect the remnant urothelium after RC,[@cit0005],[@cit0006] the chance of urethral recurrence (UR) has been described as a deterring factor against performing IONB. Previous reports have suggested that the rate of UR after RC with IONB ranged from 1.4% to 5.0%.[@cit0005]--[@cit0009] Therefore, urologists are reluctant to perform IONB in patients at high risk for UR.

To date, several studies have examined the risk factors for UR after RC with IONB.[@cit0006],[@cit0009]-[@cit0012] Previously reported risk factors include tumor location, multifocality, presence of *carcinoma* in situ (CIS), prostatic involvement, and a positive urethral margin.[@cit0013]--[@cit0017] However, when these risk factors were applied as selection criteria, the unaffected majority of patients would be eliminated from receiving an orthotopic urinary substitution. In addition, in previous studies, conflicting results have been reported on the association of pathologic features with UR; some studies reported that prostatic involvement was significantly associated with a higher risk of UR.[@cit0014],[@cit0017],[@cit0018] On the other hand, others reported that tumors located at the bladder neck, multifocal tumors, and positive urethral margin were associated with a higher risk of UR, and therefore IONB should not be aborted based on prostatic involvement.[@cit0006],[@cit0019]

For its rarity, UR after RC with IONB raises a diagnostic and therapeutic challenge. A better understanding of the risk factors for UR after RC with IONB is necessary both for patient counselling and for an individualized, evidence-based strategy for the surveillance of patients at risk for UR. Therefore, in this study, we evaluated the risk factors affecting UR in men who underwent RC with IONB.

Materials and Methods {#s0002}
=====================

Study Population {#s0002-s2001}
----------------

This retrospective study was approved by the Institutional Review Board of our institution (IRB No. 2018-10-040), and the need for informed consent was waived due to the study design. We retrospectively reviewed a prospectively maintained database of 395 men who underwent RC for bladder cancer between January 2010 and December 2017 by a single urologic oncology surgeon. In the entire cohort, patients who underwent ileal conduit urinary diversion (ICUD) (n = 40) or cystectomy for non-urothelial carcinoma or benign etiologies (n = 7) were excluded from analysis. Ultimately, 348 men who underwent Studer IONB following RC were analyzed in this study. All patients were staged cM0 preoperatively.

The oncologic and functional exclusion criteria for IONB were: tumor staged cT4b on computed tomography (CT) and/or magnetic resonance imaging (MRI) of the abdomen and pelvis, bulky lymph node (LN) involvement (cN3, not cN1-2), estimated glomerular filtration rate (eGFR) ≤ 60 mL/min, severe hepatic insufficiency, urethral sphincter dysfunction, or severe urethral stricture preoperatively.

Data Collection {#s0002-s2002}
---------------

Clinical and pathologic characteristics of patients, including age at surgery, primary tumor location (bladder neck and/or trigone involvement), pathologic tumor stage and LN tumor involvement, underlying histology, presence of CIS, lymphovascular and/or perineural invasion, prostatic involvement (prostatic urethra and/or stroma), resection margin status in the urethra and adjuvant chemotherapy were obtained from the medical records at the time of surgery. Positive urethral resection margin was defined as either CIS or high-grade non-invasive or invasive UC at the distal urethral margin on permanent sectioning.[@cit0020] Prostatic urethral involvement was defined as involving the prostatic urethra and/or ducts without stromal invasion.[@cit0017]

Histologic Assessment {#s0002-s2003}
---------------------

The surgical technique of RC with IONB in our institution has been described previously.[@cit0021] All RCs were performed as open procedures and included removal of the prostate and seminal vesicle. Standard bilateral pelvic lymphadenectomy was performed. RC specimens, as well as those after transurethral resection of the bladder (TURB), were processed on formalin-fixed, paraffin-embedded sections and reviewed by the same, experienced genitourinary pathologist. Pathologic staging and tumor grading were determined according to the 2010 TNM classification from the American Joint Committee on Cancer (AJCC) and the 2004 World Health Organization (WHO)/International Society of Urologic Pathology consensus classification.

Follow-Up {#s0002-s2004}
---------

Each patient was followed up according to recommendations and institutional protocols. In general, after RC with IONB, patients were scheduled for a follow-up at 1 month postoperatively and then every 3 months for the first 2 years, every 6 months for the next 3 years, and annually thereafter. During the follow-up, a physical examination with laboratory tests, urine analysis with cytology, chest radiography, and radiologic evaluation including CT or MRI for the chest, abdomen, and pelvis were carried out at every visit to identify local recurrence and/or distant metastasis. Cystoscopy was performed when there was an abnormal finding in urine cytology or when symptoms (hematuria or irritative voiding) were present. Bone scintigraphy scan was performed when clinically indicated.

Disease recurrence included local recurrence at the surgical bed or regional LNs and/or distant metastasis. Recurrence-free survival (RFS) was measured from the date of RC to the date of first documented recurrence or the date of last follow-up when the patient had not yet experienced disease recurrence. Urethral recurrence (UR) was defined as a tumor in the urethra pathologically confirmed via endoscopy, and urethral-RFS (URFS) was measured from the date of RC to the date of UR or last follow-up.

Statistical Analysis {#s0002-s2005}
--------------------

Quantitative variables are presented as median (range) or mean (standard deviation, SD), and qualitative variables are presented as absolute value (percentage). Descriptive statistics were obtained for demographic variables. Kaplan--Meier survival analysis was used to estimate overall RFS and URFS, and differences were assessed with a Log-rank test. Multivariable Cox proportional hazards models were used to identify potential risk factors associated with UR. All statistical analyses were performed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp. Armonk, NY, USA). Two-tailed *P* values \<0.05 were considered statistically significant.

Results {#s0003}
=======

The baseline characteristics of 348 men who underwent RC with IONB for bladder cancer are summarized in [Table 1](#t0001){ref-type="table"}. In the entire cohort, the median (range) age at RC was 65.0 (27.0--84.0) years. Pure UC was presented in 79.3% (276/348) of patients, and a total of 124 (35.6%) showed locally advanced tumor stage (≥ pT3) at RC. Pathologic analysis demonstrated LN involvement in 83 (23.9%) patients, and concomitant CIS was found in 194 (55.7%) patients. When tumor location was examined, bladder tumors were located at the trigone in 202 (58.0%) patients and at the bladder neck in 141 (40.5%) patients. Prostatic urethral and stromal involvement was identified in 39 (11.2%) and 29 (8.3%) patients, respectively. On the final pathology findings, 12 (3.4%) patients had a positive urethral resection margin, and one of them developed subsequent UR (1/12, 8.3%). UR rates by risk factor are shown in [Table 2](#t0002){ref-type="table"}.Table 1Clinicopathologic Characteristics of 348 Men After Radical Cystectomy with Ileal Orthotopic NeobladderVariableValueNo. of patients348 (100.0)Age at surgery, years Median (range)65.0 (27.0--84.0) Mean (SD)63.6 (10.3)Bladder trigone involvement, n (%) Yes202 (58.0) No146 (42.0)Bladder neck involvement, n (%) Yes141 (40.5) No207 (59.5)Pathologic T stage, n (%) ≤pT2 (organ confined)224 (64.4) ≥pT3 (locally advanced)124 (35.6)Concomitant CIS, n (%) Yes194 (55.7) No154 (44.3)Histologic findings, n (%) Pure UC276 (79.3) Mixed UC/micropapillary22 (6.3) Mixed UC/squamous25 (7.2) Mixed UC/sarcomatoid5 (1.4) Mixed UC/plasmacytoid10 (2.9) Mixed UC/neuroendocrine6 (1.7) Mixed UC/glandular4 (1.1)Lymphovascular invasion, n (%) Yes139 (39.9) No209 (60.1)Perineural invasion, n (%) Yes69 (19.8) No279 (80.2)Prostatic involvement, n (%) Prostatic urethra39 (11.2) Prostatic stroma29 (8.3) No290 (83.3)Pathologic N stage, n (%) pNx7 (2.0) pN0258 (74.1) pN183 (23.9)Positive resection margin, n (%) Urethra12 (3.4) Ureter21 (6.0) Serosa13 (3.7) No305 (87.6)Adjuvant chemotherapy n (%) Yes142 (40.8) No206 (59.2)Follow-up, months Median (range)29.8 (5.6--130.0) Mean (SD)33.3 (24.8)[^1] Table 2Urethral Recurrence Rates by Risk FactorVariablesNo. of PatientsNo. of Urethral Recurrence%Trigone involvement20252.5Bladder neck involvement14132.1Prostatic urethral involvement3925.1Prostatic stromal involvement2913.4Concomitant CIS19431.5Lymph node involvement8311.2Pathologic T stage ≥ pT312410.8Positive urethral resection margin1218.3[^2]

During the mean (SD) follow-up of 33.3 (24.8) months, overall recurrence was noted in 75 (21.6%) patients. [Figure 1](#f0001){ref-type="fig"} shows the overall RFS rates using the Kaplan--Meier estimation method. The 3-year and 5-year overall RFS rates were 67.8% and 55.1%, respectively. In the entire cohort, UR was identified in 7 (2.0%) patients. The 2-, 3-, and 5-year URFS rates were 97.6%, 96.3%, and 93.8%, respectively ([Figure 2](#f0002){ref-type="fig"}). However, when patients were stratified according to prostatic urethral involvement, there was a significant difference in URFS (log-rank test, *P* = 0.020) ([Figure 3](#f0003){ref-type="fig"}): the 2-year and 3-year URFS rates were 98.3% and 96.8%, respectively, for patients with negative prostatic urethral involvement, compared to 92.0% and 92.0%, respectively, for patients with positive prostatic urethral involvement.Figure 1Kaplan--Meier curve showing overall recurrence-free survival (RFS) after radical cystectomy with orthotopic urinary diversion. The 3- and 5-year RFS rates were 67.8% (95% confidence interval \[CI\], 67.4--68.2) and 55.1% (95% CI, 54.6--55.6), respectively.Figure 2Kaplan--Meier curve showing urethral recurrence-free survival (URFS) after radical cystectomy with orthotopic urinary diversion. The 3- and 5-year URFS rates were 96.3% (95% CI, 96.1--96.5) and 93.8% (95% CI, 93.5--94.1), respectively.Figure 3Kaplan--Meier curve showing urethral recurrence-free survival (URFS) according to prostatic urethra involvement (positive or negative) after radical cystectomy with orthotopic urinary diversion (log-rank *P* = 0.020).

The outcomes of Cox proportional hazards regression analysis to assess the prognostic factors for UR after RC with IONB are presented in [Table 3](#t0003){ref-type="table"}. In multivariable analysis, prostatic urethral involvement was the only significant prognostic factor for UR after RC with IONB (HR = 6.25, 95% CI: 1.06--36.96, *P* = 0.033). Bladder tumor location, pathologic T and N stage, CIS, and resection margin status in the urethra had no significant effect on UR. All 7 patients with UR underwent transurethral surgery and maintained their IONB. The pathologic results of the 7 patients with UR after endoscopic surgery are summarized in [Table 4](#t0004){ref-type="table"}.Table 3Cox Proportional Hazards Regression Analyses to Predict Urethral Recurrence After Radical Cystectomy with Ileal Orthotopic NeobladderVariablesMultivariableHR95% CIPTrigone involvement (versus no)2.590.38--17.810.334Bladder neck involvement (versus no)0.770.15--4.040.759Prostatic urethral involvement (versus no)6.251.06--36.960.033Prostatic stromal involvement (versus no)7.250.11--481.740.355Concomitant CIS (versus no)0.490.10--2.360.372Pathologic N stage (pN1 versus pN0 or pNx)1.740.13--23.200.676Pathologic T stage (≥ pT3 versus pT2)0.060.01--4.240.199Urethral resection margin (positive versus negative)4.500.32--64.020.267Adjuvant chemotherapy (versus no)1.070.72--1.590.753[^3] Table 4Condition of Risk Factors and Pathologic Results of Patients (n = 7) with Urethral Recurrence After Transurethral SurgeryPatientAgeTrigone InvolvementBladder Neck InvolvementProstatic Urethral InvolvementProstatic Stromal InvolvementCISPathologic N StagePathologic T StageHistologyUrethral Resection MarginPathology179YesNoNoNoYespN0pT1UCNegativeTa251YesYesYesNoNopN0pT1UCNegativeT1364YesNoNoNoYespN0pT1UCNegativeCIS460YesYesNoNoNopN0pT2UCNegativeTa576NoYesNoNoNopNxpT1UCNegativeTa662NoNoNoYesNopN1pT4UCPositiveTa771YesNoYesNoYespN0pT2UCNegativeT1[^4]

Discussion {#s0004}
==========

In the present study, among the 348 men who underwent RC with IONB for bladder cancer, UR was identified in 7 (2.0%) patients, and the 2-year URFS rate was 97.6% for all patients. However, when patients were divided according to prostatic urethral involvement, a significant difference in UR was identified: 2-year URFS was 98.3% with negative prostatic urethral involvement and 92.0% with positive prostatic urethral involvement. We found that only prostatic urethral involvement was a significant prognostic factor that predicted UR after RC with IONB. Our results can be used to help counsel patients who underwent RC with IONB regarding the possibility of UR. To the best of our knowledge, this is one of the largest studies to evaluate the risk factors for UR after RC with IONB.

When considering RC with IONB, it is important to identify patients at highest risk of UR. In our study, when examined the UR rates by risk factor, the highest UR rate was identified in patients with positive urethral resection margin (1/12, 8.3%). However, these results have to be interpreted carefully owing to the relatively low number of included cases.

To date, the prostatic involvement of UC is the most important risk factor associated with UR.[@cit0014],[@cit0017],[@cit0018] Our results showed that prostatic involvement of UC was confirmed in 58 (16.7%) patients who underwent RC, among which UR occurred in 3 (5.2%) patients. This shows a statistically significant difference compared to the UR rate (4/290, 1.4%) in the remaining patients (*P* = 0.02). On the other hand, UR did not occur in 55 of 58 (94.8%) patients with prostatic involvement of UC. One possible explanation is that negative urethral resection margin was identified in approximately 90% of the patients who underwent RC, even if they had prostatic involvement. Taking all these results into account, over 90% of patients with prostatic involvement would be candidates for IONB.

When considering the depth of prostatic involvement, in our study, only prostatic urethral involvement was a significant prognostic factor to predict UR, and not prostatic stromal invasion. In general, a higher UR rate is reported when prostatic stromal invasion is confirmed,[@cit0017] but our study showed contradictory results. A possible explanation for this discrepancy is as follows. Of 29 patients with prostatic stromal invasion, histologic evidence of intraurethral spread was confirmed in 19 patients, while extravesical spread was seen in 10 patients. Eventually, prostatic urethral involvement was identified in 39 of 58 (67.2%) patients, which increased the risk of UR. However, these results have to be interpreted carefully owing to the relatively low number of included cases.

In our study, UR was detected in 4 of 7 patients by positive urinary cytology and in the remaining 3 patients by microscopic hematuria. All patients with UR underwent endoscopic surgery, and pathologic results of all patients were identified as non-invasive disease (1 CIS, 4 pTa, and 2 pT1). To date, various regimens for surveillance after RC have been proposed with different imaging modalities and different intensities of follow-up schedules.[@cit0022],[@cit0023] Although data is scarce on the optimal follow-up after IONB, in our institution, urine analysis with cytology was performed at every follow-up, and urethroscopy was performed when abnormal findings and/or hematuria were identified. Urine cytology is a non-invasive and useful diagnostic tool, allowing for early detection and treatment of UR at a less advanced stage.[@cit0011],[@cit0024] A recent systemic review reported that detection of asymptomatic recurrence was associated with an approximately 30% reduction in mortality (HR = 0.69, 95% CI: 0.59--0.79).[@cit0025] Therefore, it is important that UR is identified at the earliest possible stage since detection at an early stage is associated with improved survival.[@cit0001],[@cit0010]

The general consensus in the recent American Urological Association (AUA) and European Association of Urology (EAU) guidelines is to assure a negative margin in the urethra prior to RC with IONB, and the optimal predictive parameter is intraoperative frozen section analysis (FSA) at the time of surgery.[@cit0001] However, this procedure was not routinely performed at our institution. In our study, the positive urethral margin rate was 3.4%, which is slightly higher than other studies where the rate ranged from 1.1% to 2.4%,[@cit0026],[@cit0027] but the results might be affected by selection bias because previous studies excluded patients with positive intraoperative FSA. However, despite the increase in positive urethral margin rate, our UR rate is comparable to those in other series.[@cit0005]--[@cit0009]

In addition, a positive urethral margin in intraoperative FSA is the main reason for conversion to incontinent urinary diversion during RC.[@cit0028] However, in our study, there was no statistically significant difference in the UR rate based on urethral margin status (*P* = 0.22). Furthermore, a clinical dilemma is that there is a discrepancy between intraoperative FSA and the final pathology in the urethra. In a study by Kates et al,[@cit0027] a total of 298 patients with RC were retrospectively reviewed, and the accuracy of intraoperative FSA was analyzed. They reported that all negative FSA was confirmed to be negative on final pathology with 100% negative predictive value, but 53% of patients with positive FSA were ultimately determined to be negative during re-review or final pathology.

In our study, pure UC was presented in 79.3% of patients, while mixed histology was found in 20.7%. However, all URs were observed in patients with pure UC. These results suggest that the risk of UR emanates mainly from UC histology.[@cit0029]

Despite the potential clinical implications of our study, there are several limitations. First, this study was a retrospective design and was conducted at a single, tertiary referral center, thus raising concerns for selection bias. Nonetheless, this study used a prospectively maintained database and reflects real-world clinical practice. Second, as the mean follow-up period was 33.3 months, which is relatively short, we identified only one end-point (URFS) and did not analyze other clinically significant oncologic outcomes such as cancer-specific survival and overall survival. However, since most URs are reported within 3 years,[@cit0018],[@cit0030] this study was sufficiently powered to confirm UR after RC. Finally, this study represents one of the largest series with regard to UR after RC with IONB. However, due to the low incidence of UR, the number of cases is limited. Therefore, confirmation via a large, multi-institutional study is warranted to verify the implications of our results.

In conclusion, this study provides some insight regarding the incidence and risk factors of recurrence in retained urethra after RC with IONB. UR occurs only in a small proportion of patients following RC with IONB, and prostatic urethral involvement is the only significant risk factor for UR. Therefore, follow-up strategies to ameliorate UR risk should be adopted to facilitate early detection in those at high risk of UR. These data provide further evidence for continued evaluation of the urethra after RC with IONB.
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[^1]: **Abbreviations:** SD, standard deviation; CIS, carcinoma in situ; UC, urothelial carcinoma.

[^2]: **Abbreviation:** CIS, carcinoma in situ.

[^3]: **Abbreviations:** CIS, carcinoma in situ; HR, hazard ratio; CI, confidence interval.

[^4]: **Abbreviations:** CIS, carcinoma in situ; UC, urothelial carcinoma.
